Background: The Yusho poisoning incident, which was caused by rice bran oil contaminated with polychlorinated biphenyls (PCBs), polychlorinated quarterphenyls (PCQs) and polychlorinated dibenzofurans (PCDFs) generated by heat denaturation of PCB, occurred in 1968 in western Japan. Annual physical, dermatological, dental, ophthalmological and laboratory examinations were conducted for Yusho patients after the incident. From 2001, blood levels of individual PCDF congeners were also measured. The blood levels of 2, 3, 4, 7, 3, 4, 7, , PCBs and PCQs in Yusho patients were found to be significantly higher than those of the general population. We investigated the relationships between blood concentrations of 2,3,4,7,8-PeCDF, PCBs and PCQs in Yusho patients and the items measured in the annual medical examination.
Conclusion:
After Yusho patients had suffered chronic exposure to these chlorinated compounds for more than 35 years, the serum concentration of 2,3,4,7,8-PeCDF in blood was significantly related to arthralgia and decreased albumin/globulin (A/G) ratio; the serum concentration of PCBs was significantly related to ophthalmologic symptoms; and the serum concentration of PCQ to increased total cholesterol. These findings suggest that the co-contaminants may affect other functions than those originally associated with Yusho.
Background
Yusho was a food poisoning incident that occurred in western Japan in 1968 [1] [2] [3] [4] [5] [6] [7] [8] . When first reported, the food poisoning incident known as Yusho was considered to be caused by polychlorinated biphenyls (PCBs). However, following a number of studies, it is now considered to be caused by complex poisoning with polychlorinated quarterphenyls (PCQs) and polychlorinated dibenzofurans (PCDFs) [3] [4] [5] [6] . Thirty-seven years have passed since the Yusho incident occurred, and more than 1,800 patients are known to have been affected.
Yusho patients are known to present with various symptoms related to the skin, eyes and teeth, and have abnormal findings on physical examinations [8] [9] [10] [11] [12] [13] [14] . The severity of symptoms in Yusho patients has gradually improved over the past 37 years. However, a number of patients still suffer from specific Yusho symptoms [3, 4, 8] . The initial diagnostic criteria published in 1968 were mainly: 1) proven history of ingestion of contaminated rice bran oil; 2) prominent dermatological, ophthalmological and mucosal signs; and 3) several nonspecific general signs and symptoms. Hyperglyceridemia, pulmonary disorders, intractable headache, elevated blood PCB concentrations and specific PCB patterns on gas chromatography were added to the initial diagnostic criteria in 1972 and 1976. Blood PCQ concentrations were added to the criteria in 1981 [3] .
With recent advances in techniques for measuring individual PCDF congeners, it has become possible to precisely measure 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8-PeCDF) blood concentrations using as little as 5 ml of blood [17, 18] . Thus, measurements of 2,3,4,7,8-PeCDF blood concentrations have been initiated since 2001 in the routine mass screening of Yusho patients. The mean blood concentrations of PeCDF in these patients have been shown to be more than 10 times higher than those in normal controls [3] . In 2004, the blood 2,3,4,7,8-PeCDF concentration was added to the present diagnostic criteria (Table 1) .
In this study, we analyzed the results of medical examinations of Yusho patients whose blood 2,3,4,7,8-PeCDF concentrations were measured from 2001 to 2004 (33 to 37 years after the occurrence of the Yusho disaster), and investigated the relationships among the 2,3,4,7,8-PeCDF, PCB and PCQ blood concentrations and the clinical data from physical and laboratory examinations. (Table 2) .
Methods

Subjects and medical check items
Statistical analysis
The relationships between blood 2,3,4,7,8-PeCDF concentrations(serum) and the physical/laboratory test items were analyzed using logistic regression analysis. Since the serum half-life of 2,3,4,7,8-PeCDF is long and the present blood concentrations are well correlated with the amount of exposure at the time of the incident, the correlations with these was examined [19] . Logistic regression analysis uses a formula to relate several explanatory variables to objective ones (2 values 
To conduct a logistic regression analysis, we conducted a principal component analysis as an auxiliary analysis to decide the explanatory variables. Specifically, of the 241 items examined in the Yusho medical checkup, the principal component analysis was conducted on 172 items, except for those related to frequency. As a result, examination items with 1 or higher eigenvalues and high factor scores in the principal component analysis were used as representative variables. In deciding the representative variables, items with high factor scores were not selected mechanically, but the following criteria were considered:
(1) Items included in the criteria.
(2) Items considered to be medically significant. Furthermore, we confirmed that items whose associations with Yusho have been indicated were not overlooked, by reference to the criteria. We extracted 49 items, including 13 questionnaire-related items, 11 physical and laboratory examination items, 10 dermatological examination items, 12 dental examination items and 3 ophthalmolog- ical examination items, as representative variables. (Table  3) Furthermore, the following patterns were set as objective variables for our logistic regression analyses: 
Other examination items
The 49 factors extracted by the principal component analysis were classified into normal and abnormal categories considering the characteristics of the data for each test item, from the following viewpoints:
(1) Factors for which the presence or absence of symptoms was confirmed by two steps in the medical checkup by a doctor were classified into two steps of presence or absence. (3) Items relevant to subjective symptoms, like sputum, arthralgia and general fatigue, were classified into "normal" or "abnormal" for each patient.
(4) Items evaluated into five grades (-, ±, +, ++ and +++) of symptoms, such as severity of pigmentation, were classified into two groups, based on the criterion of "+" or above, to determine the presence of symptoms. In our study, the blood concentrations of 2,3,4,7,8-PeCDF, PCB and PCQ also tended to correlate with acneform eruptions, black comedones, cutaneous and mucosal pigmentation, and hypersecretion of meibomian glands, in addition to general fatigue, headaches, cough, sputum, abdominal pain, increased serum γ-GTP, and decreased total bilirubin. These signs and symptoms are all included in the present diagnostic criteria of Yusho (Table 1 ). In addition to the symptoms listed in the diagnostic criteria, arthralgia was frequently correlated to 2,3,4,7,8-PeCDF, PCB and PCQ blood concentrations. Using the 2,3,4,7,8-PeCDF blood concentration as an objective variable, cases including or not including the PCB and PCQ concentrations as explanatory variables were compared. As a result, arthralgia and A/G ratio were related to the 2,3,4,7,8-PeCDF blood concentration.
Using the PCB blood concentration as an objective variable, cases including or not including the 2,3,4,7,8-PeCDF concentration as an explanatory variable were compared. As a result, PCB blood concentration was strongly related to ophthalmological symptoms.
The PCQ blood concentration was related to cutaneous, oral and ophthalmological manifestations, increased γ-GTP, and increased total cholesterol. When the 2,3,4,7,8-PeCDF blood concentration was excluded in the explanatory variables, oral pigmentation and increased total cho- http://www.ehjournal.net/content/7/1/47 lesterol were significantly related to PCQ blood concentration. The biochemical adverse effect of PCQ has been reported to include increased triacylglycerol concentration [20] . However, based on the results of this study, total cholesterol concentration, one of the markers of lipid metabolism such as triacylglycerol, was related to PCQ blood concentration.
Like Kanemi Yusho, Taiwan Yucheng, a health hazard caused by PCB or PCDFs, has been reported to have a high incidence of symptoms of chloracne, goiter, arthritis, and anemia [21, 22] . Chloracne and arthritis are considered e symptoms common to Yusho and Taiwan Yucheng. Health hazards caused by 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD) in the Seveso (Italy) event have also been studied. In a death survey, conducted 20-25 years after the Seveso (Italy) event, a high incidence of deaths due to cancer, circulatory disease, chronic obstructive pulmonary disease (COPD), and diabetes mellitus was reported [23, 24] . It thus seems necessary to examine the presence of a relationship between Yusho and COPD in the future, since cough, sputum, and bursitis, included in the Yusho criteria, are also symptoms seen in COPD.
Cutaneous, mucosal and ophthalmological manifestations, related to the blood concentrations of 2,3,4,7,8-PeCDF, PCB and PCQ in this study, were considered characteristic of Yusho and were included in the diagnostic criteria.
Conclusion
Although 35 years have passed since the occurrence of Yusho, the 2,3,4,7,8-PeCDF blood concentration appeared related to the PCQ and PCB blood concentrations, arthralgia and A/G ratio; The blood PCB concentration was strongly related to ophthalmological symptoms; while PCQ blood concentration was related to total cholesterol. These findings suggest that the co-contaminants may affect other functions than those originally associated with Yusho.
